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学性能，但是当温度超过 600℃会因为高温 Li 挥发而生成 Co3O4 杂相。其次，使
用不同的功率磁控溅射制备了 SnOx 薄膜，XPS 结果表明不同功率制得的薄膜具





固态电解质 LiPON 在界面处的生长机理以及室温和 200℃的界面电子结构。结
果表明 200℃生成的界面的价带漂移小于室温界面。基于对 LiCoO2/LiPON 界面
的研究，文中尝试了使用LiPON薄膜包覆LiCoO2材料，深度剖析XPS发现LiPON
薄膜改变了 LiCoO2 表面在液态电解质中的 SEI 层的形成，交流阻抗结果表明




电池尺寸为 500 μm × 500 μm，电池的厚度为 1.5 μm。用作正极的 LiCoO2 薄膜在















电池的固态电解质和负极。微型电池在 5 nA 放电电流下有 17 nAh 的初始放电
容量，且能够在 40 nAh 的电流下放电。 
















Most low-power electronic and microelectronmechanical system (MEMS) 
devices designed today use conventionally macroscopic external power supplies. This 
places limits on the functionality of these microdevices in many applications. An 
alternative solution is to design power sources at a microscale, which can be 
integrated together with these microdevices on the same chips. This dissertation 
describes the work done in developing and studying solid state microscale lithium ion 
batteries compatible with microelectronics with respect to the material system 
employed, the solid state electrolyte-cathode interface, the batteries’ microfabrication 
process and performance. 
The morphology and crystalline structure as well as electrochemical performance 
of LiCoO2 thin films deposited at different substrate temperatures and post-annealing 
temperatures by rf magnetron sputtering were studied. It is found that the barrier 
energy for phase transition of LiCoO2 films from amorphous to crystalline deceases at 
elevated substrate temperatures during deposition. Both post-annealing and heating 
during deposition at high temperature can enhance the crystalline structure and 
electrochemical properties of LiCoO2 thin films, however the Co3O4 phase was 
observed when the temperature is higher than 600℃ due to the loss of lithium. 
SnOx thin films were prepared by reactive radio frequency magnetron sputtering 
with different sputtering powers. X-ray photoelectron spectroscopy suggests that all 
the films have similar chemical stoichiometry as SnO1.5. XRD、SAED and HRTEM 
results show that crystal size of the SnOx thin films gradually increases with increase 
of sputtering power from 50 to 150 W. Cyclic voltammetry and galvanostatic 
charge/discharge cycling measurements indicate that the electrochemical properties of 
SnOx films strongly rely on their crystal sizes as well as surface morphologies. 
The reaction of the interlayer contact of cathode and electrolyte was in-situ 
investigated using photoelectron spectroscopy after step-by-step deposition of the 
solid electrolyte LiPON onto the polycrystalline cathode material inside the UHV 
system without breaking vacuum. The growth mechanism of LiPON and the 
electronic structures at the LiCoO2/LiPON interface deposited at RT and 200℃ were 
analysed. The valence offset of interface formed at 200℃ is lower than that formed at 















LiCoO2/LiPON interface, the surface of LiCoO2 was modified with 3nm LiPON film. 
The stepth profile XPS results show LiPON film can modify the SEI layer formation 
on LiCoO2 surface in liquid electrolyte, the electrochemical impedance spectroscopy 
indicates the modified LiCoO2 sample has lower surface resistance and charge 
transfer resistance compare with bare LiCoO2 film, the electrochemical results show 
the LiPON coated samples have better reversibility and cycling performance at high 
voltage cutoff. 
A dexterous microfabrication process was developed for preparing solid-state 
microscale lithium ion batteries. The active size of a single microbattery is 500 μm × 
500 μm and its thickness is 1.5 μm. LiCoO2 films prepared by RF sputtering at room 
temperature, then annealed at moderate temperature (500℃), were employed as a 
cathode electrode, and LiPON and Al films were used as a solid electrolyte and an 
anode electrode, respectively. An individual microbattery delivers a capacity of about 
17 nAh at a current of 5 nA at the initial cycles, and can be operated at as high as 40 
nA discharge current.  
Keywords: microscale solid state microscale lithium ion batteries; thin film 
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MEMS 是指利用 IC 工艺制备且将电学元件以及机械元件集成在一起的器件，如












































表 1.1 各种能量储存方式以及能量密度[2] 
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